This study aims to investigate the storage response of an activated sludge system in the presence of two different substrates which are stored as two different polymers. The objective of the study was to determine the changes in the response of an activated sludge system when two different storage mechanisms could occur simultaneously. Acetic acid (HAc) and soluble starch (SolS) were selected as model substrates and three different feeding conditions, namely (i) when both HAc and SolS were initially present in the reactor, (ii) only HAc was present, and (iii) only SolS was present in the substrate solution. The batch reactors were monitored for acetic acid, polyhydroxyalkanoates (PHA), poly-glucose (glycogen like substances) and oxygen uptake rate (OUR). The experiments have shown that, while the main portion of hydrolyzed starch was stored as poly-glucose, which was further used for heterotrophic growth, the rest was utilized for direct growth. However, acetic acid was totally stored as PHA and the stored PHA was used for biomass growth under the presented experimental conditions. When the system was fed with the substrate mixture, the storage mechanism was not significantly affected. Both PHA and polyglucose storage took place simultaneously with the same stoichiometry and kinetics defined for single substrate utilization.
INTRODUCTION
Substrate storage has been a major mechanism recognized in recent activated sludge models (van Loosdrecht et al. 1997) .
Several studies were conducted to investigate the effect of substrate storage in terms of both carbon and nitrogen removal (Majone et al. 1998; Beun et al. 2000; Beccari et al. 2002; Dionisi et al. 2004) . Activated Sludge Model No.3 (ASM3) (Gujer et al. 2000) has been presented as an alternative to Activated Sludge Model No.1 (ASM1) (Henze et al. 1987) . It interpreted biochemical conversions for carbon and nitrogen removal by means of storage of the readily biodegradable substrate and incorporated biomass decay through endogenous respiration. Substrate storage has been investigated for pure substrates like acetate and glucose (Dircks et al. 2000) using biochemical models.
Modification to ASM3 has been suggested by Khrishna & van Loosdrecht (1999) and Karahan et al. (2003) including direct growth on the readily biodegradable substrate for carbon removal. Substrate storage has also been investigated for hydrolysable/polymeric substrates like starch, where the substrate needs to go through extracellular hydrolysis. It has been argued that although starch was first hydrolyzed, the hydrolysis products were also stored (San Pedro et al. 1994; Ubukata 1999; Karahan et al. 2006a) . It was also suggested that starch was adsorbed on the biomass and then the hydrolysis products were both utilized directly for growth and for storage (Karahan et al. 2006b ).
activated sludge system they are stored as polyhydroxyalkanoates and when saccharides like glucose, maltose, starch, etc. are fed, the storage polymers are glycogen or glycogenlike sugars. Storage response has been generally associated with the intermittent feeding creating a concentration transient of a readily biodegradable substrate. However, there is limited information on substrate mixtures. This study aims to investigate the storage response of an activated sludge system in the presence of two different substrates, acetic acid and soluble starch which are stored as two different polymers. Acetic acid is a simple substrate that is known to be stored as polyhydroxyalkanoates, mainly poly-b-hydroxybutyrate and soluble starch is selected as a model substrate to represent the hydrolyzable organic compound. Soluble starch has been reported to be stored as poly-glucose (glycogen like substances) and simultaneously utilized by direct growth. The objective of the study was to determine the changes in the response of an activated sludge system when two different storage polymers were generated simultaneously. Thus, the study was conducted with acetic acid, soluble starch and their mixture fed to activated sludge system in batch experiments and the OUR response has been monitored together with specific storage compounds during the tests, in order to assess the fate of the substrates and the biochemical mechanisms involved in substrate utilization.
MATERIALS AND METHODS
An aerated sequencing batch reactor (SBR) was used as the parent reactor for the batch tests. The SBR system with 4 l working volume was operated at steady state. The initial volume of the reactor was 2 litres. 1.8 l of nutrient solution and 200 ml of substrate solution were added in each cycle.
Nutrient feed consisted of 45 mg/l NH 4 Cl, 19 mg/l KCl, 35 mg/l KH 2 PO 4 , 46 mg/l MgSO 4 ·7H 2 0, and trace elements given by Vishniac & Santer (1957) . The substrate solution was prepared to achieve an initial organic matter concentration of 175 mgCOD/l in the SBR. The substrate solution was a mixture of acetic acid (HAc) (75 mgCOD/l) and soluble wheat starch (SolS) (100 mgCOD/l). The SBR was operated with 4 h cycle time and with all the necessary phases such as mixing, waste sludge withdrawal, settling and effluent discharge as explained.
Monitoring experiments were conducted as three runs with different feeding conditions, namely (i) when both HAc and SolS were present (total COD of 101 mg/l was initially present in the reactor composed of:56 mgCOD/l HAc þ 45 mgCOD/l SolS), (ii) only HAc was present (56 mgCOD/l HAc), and (iii) only SolS was present in the substrate solution (45 mgCOD/l SolS). The first run fed with the mixture was conducted with 1,250 mg/l MLVSS content, the second run (fed with HAc) with 700 mgVSS/l and the third run (fed with SolS) was started with 650 mgVSS/l biomass content, harvested from the parent SBR. The MLVSS contents of each run were selected to represent the initial substrate/biomass ratio in one cycle of the SBR. Two parallel 2 l batch reactors were constructed for each of the 3 runs. One reactor was used for sampling while the second one was connected to an online respirometer (Applikon Toxicity Meter) for oxygen uptake rate (OUR) measurements ( Figure 1 ). The batch reactors were monitored for acetate, starch, COD, polyhydroxyalkanoates (PHA) and poly-glucose (glycogen-like substances).
pH was maintained between 7.0-8.0 during the experiments and continuous aeration was supplied to have a minimum dissolved oxygen concentration of 5.0 mg/l in both OUR and sampling reactors.
PHA analyses were conducted using the extraction and chromatographic analysis procedures described by Beun et al. (2000) . Acetic acid samples were analyzed by gas chromatograph (Agilent 6890N). Glycogen measurements were conducted as described in the study of Karahan et al. (2006a) . 
EXPERIMENTAL RESULTS AND DISCUSSION
The 4 l SBR reactor, operated in a sequence of 6 cycles/day, had an MLVSS concentration of 2,250 mg/l with a net yield estimated as 0.29 gCOD/gCOD.
The experimental data has shown that acetic acid was depleted in the first 15 minutes after feeding in the run with The applied model (ASMGS þ HAc) proved to be quite successful for the simulation of the experimental data with appropriate kinetic and stoichiometric coefficients, in agreement with those reported in literature (Karahan et al. 2003 (Karahan et al. , 2006b . The kinetic and stoichiometric coefficients used in model simulations are given in Table 2 .
Model calibration also included and verified by the experimental data on storage compounds. Model simulations for poly-glucose have been presented in Figure 4a , which contain both the stored poly-glucose and the adsorbed soluble starch present in the system, since the measured poly-glucose values stand for both stored polyglucose in the biomass and starch adsorbed on the flocs. It has already been stated in the previous studies that the adsorption of starch on biomass interferes with the experimental poly-glucose data hence the simulation results should be interpreted for two saccharides together (Karahan et al. 2006b ).
The PHA data obtained from the experimental runs conducted with HAc only and with the substrate mixture were also simulated by the adopted model as given in Figure   4b . The simulation results have accurately described the storage and consumption of PHA in the system fed with
HAc. However, the utilization of PHA in the system fed with substrate mixture is faster in the model than the utilization rate observed by the experimental results. This is of course as a result of the efforts to use the same coefficients for both individual substrates and the mixture.
It is possible that the utilization of PHA occurs at a reduced rate with the presence of stored poly-glucose, since growth using stored poly-glucose would be more favorable for the biomass considering that Y H,Gly is 0.84 gCOD/gCOD, whereas Y H,PHA is 0.80 gCOD/gCOD. 
CONCLUSIONS
Evaluation of the experimental data indicated that utilization of acetic acid and soluble starch by the same microbial community sustained at steady state in an SBR system involved different biochemical mechanisms. In batch experiments, acetic acid was totally stored as PHA, while a portion of the soluble starch was converted to polyglucose (glycogen like substances) and the rest was directly utilized for microbial growth.
The adopted model was structured in a way to include major storage and growth processes indicated by experimental results. It also included adsorption of starch onto biomass as the primary removal mechanism from the bulk solution. The single set of model coefficients was used for the calibration using OUR profiles associated with single substrates and the substrate mixture, leading to conclude that the response of the system with two storage 
